Background and Objectives: Studies have shown economic and clinical advantages of laparoscopic left-colon resections. Laparoscopic conversion to open is an important surgical outcome. We estimated conversion incidence, identified risk factors, and measured the clinical and economic impact.
INTRODUCTION
In the United States, diseases of the colon are common with more than 600,000 operative procedures being performed each year. 1 Colon resections (colectomies) involve 2 types of approaches: laparoscopic and open. Rates of laparoscopic colectomy have varied between 29% and 41% and have been increasing over the past few years. [2] [3] [4] [5] Studies have shown clinical and economic benefits of the laparoscopic approach. In various randomized clinical trials, the laparoscopic approach has been shown to be superior to open approach in oncologic outcomes, while also offering improved short-term and longer term outcomes, including shorter length of stay (LOS), reduced postoperative pain and mortality, and lower costs. Additional benefits of laparoscopy include earlier return to work and decreased complications. 6 -12 Conversion from a laparoscopic to an open approach is an important surgical outcome, as patients who undergo conversion do not derive the same benefits as those who have successful laparoscopic surgery. 13 However, conversion from a laparoscopic to an open resection may be necessary for a variety of reasons ranging from pre-emptive early conversion due to patient anatomy or procedural nonprogression, to reactive conversion due to intraoperative complications, such as bleeding, bowel injury, ureter damage, or splenic organ injury. 14 The possibility of a reactive conversion and its associated outcomes may be a barrier preventing some surgeons from attempting a laparoscopic approach. Conversion rates have been reported to vary from 10% to 17%, depending on patient selection, factors related to the procedure, and the experience. 14 -19 Most previous research focused on outcomes related to conversion had a limited number of patients, conducted in single-center studies, and analyzed multiple colon resection anatomies (right and left) or rectal resections together. Given the benefits of laparoscopy and the potential underutilization in left colon resection surgery, research using recent real world data is needed to better understand the impact of conversion on healthcare utilization and clinical outcomes associated with these approaches. There is a lack of quality research using large administrative databases estimating the incidence and economic impact of laparoscopic conversion to an open approach. The objective of this study was to estimate the incidence of Lap-Conversion in left-sided colon resections, identify risk factors, and analyze differences in LOS, total hospital costs, and ORT for colon resection approaches.
MATERIALS AND METHODS

Study Design and Data Source
This retrospective study used the Premier Perspective hospital database from 2009 through 2014, inclusive. This database contains complete clinical coding, hospital cost, and patient billing data from more than 600 hospitals throughout the United States representing about 20% of all acute care inpatient hospitalizations. The database contains a date-stamped log of all billed items including medications; laboratory, diagnostic, and therapeutic services; primary and secondary diagnoses and procedures for each patient's hospitalization; and demographic and payer information.
Study Population
Patients were included if they were Ն21 years of age and underwent an elective primary left-sided colon resection procedure identified using the International Classification of Diseases, ninth revision (ICD-9) procedure codes: lefthemicolectomy (17.35, 45.75) 41] or simultaneous open and laparoscopic codes occurring on the same day of surgery). Robotic assistance was included as a laparoscopy based upon the ICD-9 laparoscopic procedure code. Patients were excluded from the study if there was a concomitant right-side colon or anterior resection procedure. Patients were additionally excluded if key demographic information was missing.
Study Variables
The primary dependent variables assessed in this study were hospital LOS (in days), total hospital costs (measured in 2014 U.S. dollars), operating room time (ORT, in minutes). All patients had LOS and total hospital costs, but only a subset of patients had ORT. Additional secondary outcome variables included postoperative computed tomographic scans (CT), and select complications (mortality, blood transfusion, and anastomotic leak surrogate [LEAK]). Mortality was identified through the discharge status variable, LEAK surrogate was identified with a composite of ICD-9 diagnosis codes representing intra-abdominal infection and fistula, blood transfusion was identified with Current Procedural Terminology (CPT-4), ICD-9 diagnosis codes, Healthcare Common Procedure Coding System (HCPCS) or charge descriptions. CT was identified through standard charge descriptions for postoperative imaging of the abdomen or pelvis. See Appendix for listing of all ICD-9, CPT-4, and HCPCS codes used in the study.
Covariates included in the study were patient characteristics such as age, gender, race, marital status, year of discharge, indication (diverticulitis, colon cancer, diverticulosis, benign neoplasm, and IBD), the number of different indications, and specific patient comorbidities from the Elixhauser Comorbidity group descriptions (cardiac arrhythmia, congestive heart failure, valvular disease, peripheral vascular disease, myocardial infarction, cerebrovascular disease, pulmonary circulation disorder, obesity, diabetes, hypothyroidism, hypertension, depression, alcohol abuse, and drug abuse). 20 Procedure characteristics included in the study and models were type of payer (Commercial, Medicare, Medicaid, 21 hospital procedure volume of left-hemicolectomy and sigmoid from 2009 to 2014 (1-100, 101-300, 301-500, Ͼ500 procedures), and physician specialty (colorectal surgeon, general surgeon, and other).
Statistical Analysis
Descriptive analyses including means (standard deviations) for continuous variables and frequency distributions for categorical variables were performed to describe all the study variables. Lap-Conversion incidence was calculated for all procedures with evidence of a laparoscopic approach (Lap-Attempted). For Lap-Attempted procedures, patient, provider, and procedure factors associated with Lap-Conversion were explored in a multivariable logistic model which accounted for clustering within hospitals. Generalized estimating equations (GEEs) were used to evaluate the effect of surgical approach (LapAttempted, Open-Planned, or Lap-conversion) on LOS, total hospital costs, and ORT after accounting for clustering within hospitals and controlling for patient, provider, and procedure characteristics. Only the subset of patients that had ORT data available were evaluated for this outcome. All GEE models had a log link function. A negative binomial distribution was used for LOS and ORT and a gamma distribution was used for total hospital costs. Binary outcome variables (mortality, blood transfusion, postoperative CT, and LEAK surrogate) were analyzed with logistic regression that accounted for hospital clustering. All analyses were conducted using SAS for Windows, Version 9.4 (SAS Institute Inc., Cary, North Carolina, USA); and P Ͻ 0.05 (2-sided) were considered significant.
RESULTS
Descriptive Patient and Provider Characteristics
A total of 41,417 patients who underwent 8,468 left hemicolectomy and 32,949 sigmoidectomy procedures were identified. Mean Ϯ SD age was 60 Ϯ 13 years old, most the patients were female (52.4%) and Caucasian (76.0%).
Over half of the patients had a diagnosis for diverticulitis (59.1%), followed by colon cancer (29.6%), diverticulosis (11.9%), colonic polyps (10.8%), and IBD (1.2%), and 9.4% of patients had more than one of the diagnostic classes. Diabetes (15.2%), chronic pulmonary diseases (14.7%), hypothyroidism (10.3%), and obesity (9.5%) were the most prevalent comorbidities. General surgeons (75.1%) and colorectal specialists (18.1%) performed most resections. Tables 1-3 present the patient and provider characteristics of the study population. There were 15,150 Open-Planned procedures and 26,267 Lap-Attempted procedures. The breakdown of the procedural approaches is provided in Figure 1 . The incidence of Lap-Conversion was 13.3% (95% CI, 12.9 -13.7) and stratified by resection type: sigmoid 12.1% (95% CI, 11.7-12.6) and left hemicolectomy 18.4% (95% CI, 17. 4 -19.6 ). Almost all lap-conversions were identified via the V-code (95.4%).
Risk Factors Associated With Lap-Conversion
A total of 26,267 patients with Lap-Attempted procedures were included in the Multivariable regression models. Patient, procedure, and provider variables from Tables  1-3 were included in these models as covariates. when compared to the cost savings of Lap-Successful compared with Open-Planned ($2,591).
Secondary Outcomes
The overall incidence of unadjusted secondary outcomes was as follows: in-patient mortality (0.5%), transfusion (6.4%), CT (6.4%), and LEAK surrogate (12.4%). Lap-Successful had the lowest unadjusted incidence of all four outcomes. 
Lap-Conversion (Transfusion: 8.7%; 7.8 -9.6% and CT: 10.0%; 7.8 -9.6%) and Open-Planned (Transfusion: 9.9%; 9.4 -10.4% and CT: 8.7%; 8.2-9.1%)) had overlapping 95% CIs. The incidence of mortality was below 1% for all approaches. Table 4 shows all unadjusted secondary outcomes.
The multivariable logistic regression models adjusting for hospital clustering demonstrate that Lap-Successful The incidence of laparoscopic conversion in colon resections in our study was 13%. Delaney et al 15 analyzing the long-term effects of laparoscopic conversion compared to successful laparoscopic colon resections for cancer. The median conversion rate for colectomies was 10.0% and included right-and left-sided resections. The most common reasons for conversion were related to tumor location or size. The authors concluded that conversion in colon resections did not significantly increase the postoperative morbidity compared to successfully completed laparoscopy. They also found that due to inclusion of both colon and rectal resections and heterogeneity in reporting that it was difficult to conclude that conversion patients had poorer oncologic outcomes.
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DISCUSSION
The risk factors identified in this study include obesity, diverticulitis, IBD, and left hemicolectomy, and protective factors included procedures performed by colorectal specialists, younger age, patients with commercial insurance, and robotic assistance. Hospital left-sided colectomy surgical volume over the study period was not predictive of conversion. This result may be due to the limitation that this was not specific to individual surgeons. Our study found that robotic-assisted laparoscopy reduced the odds for conversion by 57% compared to traditional laparoscopy. This finding should be interpreted in context with prior studies and with the limitation that a small proportion of procedures used this technology (4.9%) and may reflect unmeasured cofounding: patient selection bias or a nonrepresentative set of surgeons. The published literature is mixed on the effect of robotic assistance and conversion. A recent meta-analysis analyzed 11 studies reporting robotic (n ϭ 584) and laparoscopic (n ϭ 981) colon resections. 23 The weighted rate of conversion was 
Conversion to Open Surgery in Left Hemicolectomy and Sigmoidectomy, Etter K et al. 4 .3% for robotic assisted compared to 7.1% for traditional laparoscopy and the risk difference was significant (ORϭ -0.02, 95% CI, Ϫ0.04 to 0.00). There was no significant difference in the subset of patients undergoing resection for cancer. This analysis included both right and left sided anatomies. An analysis of the Michigan Surgical Quality Collaborative registry focused on laparoscopic versus robotic assisted laparoscopic colectomies which included both partial and total colectomies. 24 A total of 2006 partial colectomy procedures were analyzed of which 244 were robotic assisted procedures. After propensity score matching, the incidence of conversion in colon resections was not significantly different, 16.9% for laparoscopic compared to 9.0% for robotic (P ϭ .06). A limitation of this study was that differentiation and adjustment between right-side and left-side anatomic resections was not performed.
Laparoscopic adoption in colon resections has been increasing ranging from earlier estimates by Blimoria et al. 25 analysis 16 and a more recent analysis of this data set from 2009 -2012 estimated that 59.3% of all colectomies performed in 2012 were attempted with laparoscopy. The rate varied according to the anatomic type: sigmoidectomy (62.7%), cecectomy (59.7%), right colectomy (52%), and left colectomy (49.5%). Type of hospitals were also associated with increased laparoscopy utilization (e.g., urban, teaching, and larger hospitals). 17 Laparoscopic conversion to open surgery remains an important outcome and the incidence in left-sided colon resections and subsequent impact on hospital cost and LOS has not been as extensively studied. As laparoscopic attempted left colectomies continue to increase, understanding the risk factors and implications of laparoscopic conversions becomes more important. Several studies have analyzed the timing and reason for conversion and the effect on postoperative outcomes. Yang et al 26 evaluated reactive conversions (due to an intraoperative complication such as bleeding or bowel injury) compared to preemptive conversion (due to lack of progression or unclear anatomy). Patients with reactive conversion had increased postoperative complications (50% vs 27%; P ϭ .028) and longer hospitalization (6 vs 5 days; P ϭ .08). Ayatac et al 27 also compared the timing and reason for conversion and the impact on patient outcomes. They found that reactive conversion patients were not associated with increased hospitalization (8 vs 7 days; Chi-square test; P ϭ .148) and that shorter operating times were not associated with decreased morbidity or LOS.
More Limitations of this study are related to the use of a hospital billing database for purposes of clinical outcomes research. There may be misclassification of surgical approach that would affect identification of conversion related effects. In addition, limits to identification of conversion risk factors include lack of clinical details related to the complexity of the resection including the bulkiness or location of the lesion or if the splenic flexure needed to be mobilized. This study evaluated a small subset of clinical outcomes (LEAK surrogate, mortality, and blood transfusion) but other important complications such as surgical site infection (SSI) were not evaluated for lack of specific codes. Also, because the Premier Perspec-tive database is cross sectional in nature, the study lacks information related to prior patient medical history or post discharge events. Prior patient therapies such as neoadjuvant therapy or prior abdominal surgeries may be important unmeasured risk factors for laparoscopic conversion or for more complex patients being channeled to planned open approaches or other unmeasured confounding. Robotic-assisted surgery was associated with decreased odds of conversion, but this result should be interpreted with caution. Only a small proportion of the laparoscopic attempted procedures used robotic assistance. Clinically important variables such as previous operations and patient anatomy were not available in the database and could result in unmeasured confounding due to patient selection bias and a nongeneralizable set of highly skilled surgeons disproportionately performing robotic-assisted surgery.
Despite these limitations, the strengths of this study include a large cohort evaluating the incidence and risk factors for laparoscopic conversion with adjustment for hospital level clustering. The effect of conversion on resource utilization specific to left-sided colon resections was contextualized to both successful laparoscopic and planned open surgery in a real-world setting. To our knowledge this is the first large hospital database study of this type.
CONCLUSION
Surgeons must balance both the benefits of successful laparoscopic resections along with the risks of laparoscopic conversion for their patients when deciding whether to attempt laparoscopic left-sided colon resections. The results of this study point to a low incidence of conversion and an overall benefit of attempting laparoscopic surgery. 
